The c-myc protein has recently been shown to interact with a region possessing putative origin of DNA replication and enhancer activities located 2 kb upstream of the c-myc gene itself. Transgenic mice were obtained by injecting constructs containing this region, termed pmyc(H-P), into fertilized mouse eggs. The transgenic elements were capable of efficient replication in all mouse tissues examined and were maintained in an episomal state even in highly differentiated cells. Moreover, pmyc(H-P) was transmittable to the progeny throughout several generations, which suggests that the fragment derived from the region upstream of the c-myc gene possesses sequences necessary for partition, stability and DNA replication of the plasmid in the cells. In addition, we have shown that the plasmid might be captured only by eggs, not by sperm.
INTRODUCTION
DNA replication starts at various sites in the genome and proceeds in both directions. The isolation of replication origins (orn) is an important part of the study of the processes involved in DNA synthesis, since its main regulatory steps are generally believed to occur during its initiation phase (1) . As estimated by genetic and electromicroscopic analyses, the number of autonomously replicating sequence (ARS) found in yeast cells is consistent with the average size of the replicon (2) , which suggests that oris are equivalent to ARS.
Recently, we have shown that replication of a mammalian ARS obtained from mouse cells (3) relied on the availability of the c-myc gene product. This fact, supported by the direct cloning of an ARS from human cells as a binding sequence for the cmyc protein (4) , indicated that the latter promotes DNA replication by interacting with specific oris. This behavior is similar to that previously observed in the case of Simian Virus 40 (SV40) T antigen, the factor responsible for initiation of SV40 DNA synthesis. In fact, the c-myc product can function as a substitute for T antigen in SV40 DNA replication systems (5) . A similar observation that the SV40 oni dependent replication was more efficient in cells expressing c-myc at high level has also been reported by Classon, et al (6) .
We verified the hypothesis that, like SV40 T antigen, the cmyc protein can bind to some region close to its own coding sequence by isolating a c-myc protein binding sequence from the region upstream of the c-myc gene. This fragment possesses the functions of enhancer as well as ARS, which suggests that the c-myc product may also be an enhancer-binding protein (7) . Indeed, the c-myc protein bound the specific sequence, TCTCTTA, in the above region, and the replication origin and transcriptional enhancer of the region shared the c-myc protein binding sequence (8) . We have also shown that the plasmid clone carrying this fragment can serve as a good template in an in vitro DNA replication system (9) . Another group also reported that autonomously replicating activity was detected in the upstream region of the c-myc gene (10) .
In this communication, plasmids containing the ARS sequence from the c-myc gene were injected into fertilized eggs to obtain transgenic mice. The injected plasmids were replicated in all mouse tissues and were transmitted to the progeny in an episomal state.
MATERIALS AND METHODS
Plasmid pmyc(H-P) is pUC 19 containing the upstream region of the human c-myc gene as described in a previous report (7) and summarized in Fig. 1 .
Establishment of Transgenic Mice
To obtain transgenic mice, a procedure described previously (11) Further studies on these extra sequences are on the way and will be discussed elsewhere. The next step was to verify whether the recovered plasmid DNA actually had replicated in the mouse cells. For this purpose, the total DNAs were digested with DpnI (which cleaves all nonreplicated material) or with MboI (which cleaves all replicated material) and subsequently processed by Southern blotting. As shown in Fig. 4 , the plasmid DNA extracted from the female Fo-2 mouse was DpnI resistant and MboI sensitive. Moreover, the intensity of the bands hybridizable with pUC19 probe was exactly the same before and after the DpnI digestion, which indicates that not only a part but all of the recovered material had replicated within the mouse cells.
Another essential point to be tested was whether the plasmid was replicated in an autonomous, episomal state or as a chromosomal integrate (or possibly as a re-excised integrate). A first importantobservation was that no hybridizable bands were detectable in the position of chromosomal DNA (see Figs. 2, 3 and 4), which renders unlikely the hypothesis of an integration of the plasmid into mouse chromosomes. Secondly, the plasmid was stably transmitted to the progeny (see below) and not according to Mendelian rules as one would expect from integrated, chromosomal elements. Thirdly, we compared the restriction patterns of the recovered plasmids and of the input construct previously digested with several 'one cut' restriction enzymes (i.e. which linearize the original pmyc(H-P), such as EcoRI and HindIll) and 'no cut' enzyme (i.e. which do not cut the original pmyc(H-P), such as BglII and XhoI). As shown in -23.1 Fig. 4 , the recovered plasmids behaved the same way as the input construct: when the DNA was digested with EcoRI or HindI, a single band is observed equal in molecular weight to linearized pmyc(H-P). This suggests the visualized bands were not due to digests of pmyc(H-P) integrated into host chromosomal DNA. The hybridizable bands remained in open and closed circular forms after digestion with XhoI or BgII, enzymes which do not cleave pmyc(H-P). These results suggest a qualitative identity of the elements. Moreover, the mixing experiment was carried out using the Fo-2 mouse DNA and pUC19X prepared in dam+ E.coli (Fig. 5) In parallel experiments, we mated Fl or F2 transgenic females bearing pmyc(H-P) with three different strains (C3H/He, KS, and Balb/c nu/nu) of normal (non-transgenic) males: all of the progeny carried pmyc(H-P) in their tail cells ( Fig. 9-A ; also see Table 1 ). Total DNA was analyzed as described in Fig. 2 (without restriction digestion) . The arrows indicate the closed (bottom) circular DNA of pmyc (H-P). The equivalent of 20 copies of pmyc (H-P) per cell is shown as a copy number marker. Table 1 ). Since in these cases the parental male mice did not contain any plasmid DNA, it is clear that the constructs had been transmitted by the transgenic parental females. Surprisingly, the mating of transgenic FO or Fl males bearing pmyc(H-P) with three different strains of normal (non-transgenic) females yielded a progeny that completely lacked plasmid DNA (Fig. 9 -B,C; see Fig. 13 and Table 1) .
We also mated male Fo-1 harboring the larger plasmid with extra sequences and female F1-5 carrying the intact pmyc(H-P). As shown in Fig. 10 , all the progeny of Fo-l xF1-5, both male and female, contained the plasmid of the size identical to pmyc(H-P); none of them harbored the larger plasmid as the paternal Fo-l mouse. These observations seem to indicate that once pmyc(H-P) is introduced into a mouse, it replicates and is transmitted to the progeny through the ovulum and not through the sperm. One may assume that the replication and transmission of pmyc(H-P) requires some oocyte specific feature (see 'Discussion'), yet one cannot exclude that this effect may be due to 'dilution' events related to the considerable difference in size of oocytes and spermatocytes. To clarify this matter, further experiments are being performed and will be discussed elsewhere. Another possibility to be considered is that pmyc(H-P) was transmitted through cytoplasm where maternal transmission of mitochondrial DNA occurs. The DNAs, therefore, were extracted from cytoplasm or nucleus fraction of two tissues and subjected to Southern blotting (Fig. 11) . The results showed that pmyc(H-P) was observed only in nucleus, but not in cytoplasm fraction. Replication of pmyc(H-P) in different mouse tissues Up to this point, we have considered the presence of pmyc(H-P) only in the tail cells of the obtained transgenic mice. We next Fig. 9 . Transmission of plasmid DNA through egg. The F1-3 female, the F1-2 female and the F2-1 female mice were mated with non-transgenic C3H/He male, Balb/c nu/nu male, and KS male mice, respectively, while the Fo-1 male and the F1-8 male mice were with non-transgenic C3H/He female mice (See Fig. 13 and Table 1 ). The tail DNA of the progeny and of normal mice were analyzed by Southern blotting as described in Fig. 2 . Dots show the positions of the open and the closed cicular form of monomer pmyc(H-P) from the top, respectively. A, the female trangenic mice mated with normal male mice. Twenty copies of pFo-1 or pmyc(H-P) per cell were shown as a copy number marker. B, the Fo-1 male transgenic mouse mated with normal female mice. One copy of pFo-1 or pmyc(H-P) per cell was shown as a copy number marker. C, the F1-8 male transgenic mouse mated with normal female mice. One copy of pmyc(H-P) per cell was shown as a copy number marker. extracted total DNAs from various tissues of an F2 male and an F2 female and examined them for the presence of pmyc(H-P). As shown in Fig. 12 , a similar copy number of plasmid was detected in all the tissues tested. The contained plasmids were Interestingly, pmyc(H-P) was quite possibly transmitted to progeny only through eggs, not sperm. The mechanism of meiosis in mammalian cells has not been well characterized to date. It is possible that there are different mechanisms of meiosis in oogenesis and spermatogenesis which require different DNA sequences and/or proteins, and that pmyc(H-P) may carry only the sequences required for meiosis in oogenesis. It has been reported that the c-myc mRNA is detectable in spermatogonia, but not in spermatocytes (18, 19) . Since the replication of pmyc(H-P) is dependent upon c-myc protein in cultured cells in vitro and in cell-free system (7), the plasmid may not be able to replicate in spermatocytes and be lost during meiosis. On the other hand, we cannot completely exclude the possibility of paternal inheritance of the plasmid, because, considering the size difference between oocytes and sperms, the failure so far to obtain progeny with the paternal plasmid may be due to dilution of the transgenic element. Progeny carrying the plasmid of paternal origin might be found if we examined a much larger number of mice. As a practical application of these findings, we propose that pmyc(H-P) can be used directly as an expression vector not only for producing proteins of interest in mammalian cells but also for gene therapy. Experiments in this direction are now under way.
